The signs and course of hereditary ostepetrosis in the rabbit have been described in the preceding paper (1) . The disease is present at birth and is characterized by retardation of growth, progressive malnutrition, anemia and cachexia, and a fatal termination usually in the 4th or 5th week of age. Of particular significance are marked bone changes which are a constant feature of the condition.
The investigations on the disease included x-ray examinations of the skeleton, hematologic examinations, and blood and tissue chemical determinations. The results of these studies are reported in the present paper. Postmortem and histologic observations are presented in a subsequent paper (2) .
Materials and Methods
The present study is based on 293 rabbits with osteopetrosis and 722 normal litter mates contained in 163 litters together with other normal related and unrelated rabbits of comparable ages.
X-ray photographs of the skeleton of the majority of cases were taken at the time of death, first, for the purpose of confirming the diagnosis and, second, for providing material for study in connection with other observations (1) and with the postmortem and histologic findings (2) . A typical series of x-ray photographs of eases at successive stages of the disease is reproduced in this paper. These photographs with a single exception, and all those of the normal fitter mates, were taken immediately after the animals had been killed with chloroform.
Hematologic examinations were carried out on a group of osteopetrotic rabbits and normal fitter mates; in a few instances normal animals of the same age and stock but from different fitters were used. Both single and repeated counts were made. The single counts were carried out on 52 eases and 47 normal rabbits respectively. There were 45 repeated counts on 17 cases and 84 on 47 normal rabbits. The age of the rabbits ranged from 1 to 39 days.
Blood chemical examinations were carried out on 55 cases and 58 normal fitter mates at ages of from 1 to 36 days. The blood was obtained by cardiac puncture from chloroformanesthetized animals. Serum calcium was determined by the Clark-Collip modification of the Kramer-Tisdall method (3) . Serum inorganic phosphorus, and the phosphatase activity of the serum were determined by Bodansky's methods (4) . The Folin-Wu method (5) was used for blood sugar determinations and the Sackett method (6) for blood cholesterol.
Liver and muscle glycogen determinations were made on 45 osteopetrotic rabbits and 30 normal litter mates ranging in age from 1 to 36 days. Bollman's modification of Pfltiger's method (7) was employed; the tissue was removed immediately after death. 597
The hematologic and chemical results were analyzed on the basis of the mean values for successive age groups, using intervals of 3 days. This method of analysis was adopted for two principal reasons. First, information on the general trend of these factors in relation to disease progression was,desired. Second, the use of mean values minimized individual animal variation. It was found that with the age distribution of the determinations available, mean group values at successive 3 day intervals gave a generally good idea of the results. Some groups were small although the total number of examinations was fairly large. As was to be expected the results were more irregular for the osteopetrosis than for the normal groups and there were instances of considerable variation within a group.
The care and feeding of the rabbits in this colony are elsewhere described (1) .
RESULTS
The characteristic condition of the skeleton of rabbits with hereditary osteopetrosis as revealed by x-ray examination will first be described. The x-ray photographs of 13 representative cases at various ages from birth to 34 days together with those of normal litter mates appear in chronological order in Figs. 1 to 20 inclusive. The progress and particular character of the disease are indicated by the legend notes on the general physical condition and the age of the animal.
The next section contains the hematologic observations, and the third, the results of blood and tissue chemical determinations. These data also are presented from a chronological standpoint.
X-Ray Examination of the Skeleton
The typical features of skeletal change as shown in x-ray photographs have been found in all cases from birth throughout life, the average duration of which is 4 or 5 weeks. All the bone shadows of the younger cases show an intense uniform density with practically no detail. In older animals, beginning at about 2 weeks of age, the shadows are less homogeneous and gradually their central portions become more or less translucent but except for the small bones of the feet, the appearance does not become normal. Also to be noted is a size reduction of the skeleton and particularly a shortening of the long bones. It should further be noted that there is some variation in the degree of involvement of different bones and in the time of development and the eventual degree of shadow differentiation.
At birth, as is seen in Fig. 1 , the chief feature of the bone shadows is a homogeneous "solid" or opaque appearance without finer structural detail. None of the bones with the partial exception of the vertebrae and sternum shows any suggestion of central cavity differentiation and the shadows are intense and uniform. This abnormality is in striking contrast to the well formed and relatively large marrow spaces of all the bones of normal new-born rabbits (Fig. 2) .
It was observed that at birth, general bone development was somewhat less advanced than in the normal rabbit. An indication of this condition is found in the differences in the epiphyseal shadows of the long bones of the x-ray photographs in Figs. 1 and 2 .
The bones of new-born osteopetrosis rabbits are well modeled and show no disproportion of size as is the case in hereditary achondroplasia or chondrodystrophia foetaiis of the rabbit
(8-10).
In all cases the bones of the skull vault at birth were characteristically fibrous with a variable amount of calcification. In the present case, deficient calcification of the calvarium is well shown (Fig. 1) .
During the first days of life, growth and development of the osteopetrosis rabbit occur and the skeleton, in spite of its markedly abnormal condition, participates in these changes although to a variable degree.
An example of the x-ray appearance of the skeleton at 4 days of age is shown in Fig. 3 and one of a normal litter mate appears in Fig. 4 , The diseased rabbit was well nourished and in excellent condition. It was smaller than the normal sib at birth, 55 gin. as compared with 70 gin., and the increase in its body weight at 4 days was 64 per cent as compared with a 100 per cent gain for the normal litter mate. From the measurements obtained from the x-ray films, it was found that in the case of the femur and tibia, the lengths of the diseased bones were 67 and 75 per cent respectively of the lengths of the corresponding normal bones and for the humerus and radius, 60 and 77 per cent respectively. These several values are roughly proportional to the difference in the body weight of the two animals, that is, the weight of the diseased rabbit, 90 gin., represents 64 per cent of the weight, 140 gin., of the normal litter mate.
The characteristic dense homogeneous shadow of the bones was present at 4 days ( Fig. 3 ) but a few tiny less intense areas in the central portions may be seen. None of them, however, is comparable to the large well developed marrow spaces of the normal rabbit (Fig. 4) . The shape of the bones in the diseased animal is generally well preserved but there is a suggestion of expansion of the ends of the long bones and of the vertebral ends of the ribs.
With increasing age, continued although delayed skeletal growth occurred. In x-ray photographs, differentiation of bone structure begins to appear but the homogeneous dense appearance of the bone shadows is still the outspoken feature.
An example of a typical case and a normal litter mate at 9 days of age are illustrated in Figs. 5 and 6. The diseased animal was growing and apparently in good condition. It will be noted that comparatively little differentiation of structure can be discerned in the femoral and pelvic bones. There is, however, a faint suggestion of marrow cavity formation in the tibia and the bones of the forearm and the centre] areas elsewhere, particularly in the ribs, sternum, vertebrae, and bones of the feet, show some differentiation. In no bone, however, is the appearance at all comparable with that of the corresponding bone of the normal litter mate.
Typical examples of the bones of 2 cases at 13 days of age are illustrated by the x-ray photographs of Figs. 7, 9, and 10. The nutritional state of both rabbits was good; the animal of Fig. 7 was growing but the body weight of that of Figs. 9 and 10 had not increased for 4 days.
The dense homogeneous bone shadows in Fig. 7 are perfectly characteristic and are very similar to those of the 9 day old case (Fig. 5 ) just described. Both the anterior and posterior ends of some of the ribs are somewhat expanded; the ends of the femur, tibia, and humertm are also moderately expanded and the central portions of the shafts are slightly constricted.
In the second 13 day case, the x-ray photograph (Fig. 9) shows that the marrow cavity differentiation of the leg bones was slightly more advanced than in the other case (Fig. 7) . There is a considerable expansion together with a pronounced shadow intensification of the anterior ends of the ribs. The ends of the long bones are slightly expanded and the central portions of the shafts, and particularly that of the femur, are somewhat constricted. There is an additional featurein this case which is occasionally found, namely, an indentation or depression of some of the ribs; in this animal the anterior portions of the 8th and 9th right ribs were affected. The condition is faintly suggested in Fig. 9 but it is well shown in the x-ray of the dissected bones in Fig. 10 . Also well shown in the latter photograph are the dense bulbous ends of the fibs and the homogeneous dense shadows of the sternal bones. These abnormal features are in sharp contrast to the x-ray findings in a normal rabbit, an example of which is included in the same illustration. The appearance of the bodies of the diseased ribs ( Fig. 10) suggests that a moderate differentiation of marrow cavity had taken place.
Three cases at 15 days of age will now be described.
The first presented some unusual features which are disclosed by the x-ray photograph in Fig. 8 .
Growth of this rabbit had been greatly retarded, the birth weight only having doubled in a fortnight, but in spite of evident malnutrition, the animal was comparatively lively up to the day it was found drowned in the water trough. In the x-ray photograph most of the bones have a characteristic dense shadow with small irregular areas of differentiation. Both femora show an extreme shortening together with a marked wasp-like constriction of the central portion of the shafts. The ends of these bones are expanded. In the tibia and to a less extent in the bones of the upper extremity, there is a suggestion of similar changes but in none of them does the degree of shortening approach that of the femora. Hydrocephalus which was suspected during life was found at postmortem examination. There was a marked calcification deficiency of the bones of the calvarium and as is seen in the x-my (Fig. 8 ) the posterior fontanelle had not closed. The bones were brittle as was discovered when the fight humerus was accidentally fractured at autopsy.
The other 15 day cases are represented by portions of the dissected skeletons of 2 litter mates shown in Figs. 11 and 12. Also included are the photographs of a front extremity and the 9th ribs and vertebra of a normal litter mate (Fig. 12) . Both diseased rabbits were in good physical condition and were growing. It will be noted that in both cases, some differentiation of long bone structure had occurred and that it was more advanced in the rabbit of Fig.  12 than in the one of Fig. lt. A comparison with the normal bones, however, shows that this process was by no means complete. The appearance of the ribs in the photograph of Fig. 11 should be noted. The stage of marrow cavity differentiation is not very advanced and the intensity of the cortical shadow is not marked. There was practically no expansion of the rib ends of this case.
The x-ray appearance of the bones of older cases will now be described. Fig. 13 shows the bones of a 21 day old rabbit and Fig. 15 of another with osteopetrosis aged 24 days. The condition of normal bones at the latter age is illustrated by the x-ray of a normal litter mate (Fig. 16) . The physical condition of the 21 day old rabbit was fairly good but there had been very little gain in body weight for 4 days. The 24 day old rabbit was in comparatively poor condition. There was a rapidly progressive cachexia, a loss of body weight, and diarrhea which had developed quite suddenly 3 days previously.
The bone shadows of both these diseased rabbits are typically dense although there are small ill defined central areas of lessened intensity particularly in the foreleg bones of the first case ( Fig. 13 ) and in the femur and tibia of the second case (Fig. 15) . Some degree of marrow cavity differentiation is also distinguishable in other bones of both cases although in comparison with normal bones (Fig. 16) , the change seems insignificant. In both cases, the ends of the leg bones show some expansion and the shafts, some constriction. Calcification of the calvarium, especially of the 24 day old case (Fig. 15) , was deficient and beading of the anterior ends of the ribs was prominent in the 21 day old ease (Fig. 13) .
A conspicuous feature of the 24 day old case (Fig. 15) was the small size of the bones; the contrast with a normal litter mate (Fig. 16) is very marked. This rabbit was an example of the so called tarda case in which the disease was not suspected at birth because the incisor teeth appeared to be normal. At 7 days of age, however, the upper incisors had shown very little growth, the right lower incisor was missing and the left lower had become a frail thin tooth. Hydrocephalus was suspected on the 10th day and was thought to be definite on the 13th day. For 3 weeks, the general condition of the rabbit was good and there was a constant although comparatively slow gain of body weight. On the 21st day, there was a loss of body weight and the rabbit was weak and listless and on the following day, diarrhea was present. These sig~s increased very rapidly and on the 24th day the precarious condition of the animal was evident and it was killed. At autopsy, the smallness of the skeleton and particularly the reduced length of the long bones was striking. In addition, the characteristic appearance of t~e split leg bones and the increased hardness and brittleness of the bones generally were typical (2). Hydrocephalus was not found but the calvarium showed deficient calcification as is indicated in the x-ray photograph (Fig. 15) .
The degree of size reduction of the bones of this 24 day old case will be appreciated by a comparison of the x-ray photograph ( Fig. 15 ) with that of a normal litter mate of the same age (Fig. 16 ). In this connection the character oi the growth of both animals as indicated by body weight records is of interest. At birth, both the diseased and the normal rabbit weighed 40 gm. At 24 days of age, the respective weights were 156 and 324 gin. In terms of the birth weights, the gains of 116 and 284 gm. represent increases of 290 and 710 per cent respectively. The final weight of the osteopetrosis rabbit was 48 per cent of the final weight of the normal sib. Measurements of the femur and tibia obtained from the x-ray photographs show that the length of the osteopetrosis bones was approximately two-thirds that of the corresponding normal bones.
In still older cases, the x-ray photographs continue to show typical dense bone shadows although greater degrees of differentiation are usually present. Three cases aged 31, 27, and 34 days respectively have been selected to illustrate the x-ray appearance of the skeleton in the late and terminal stages. In the average survival period of 4 to 5 weeks, increasingly severe signs of malnutrition, loss of weight, emaciation, weakness, and intestinal disturbances indicate the progressive course of the disease.
The 31 day old case illustrated in Fig. 14 was an example of a relatively infrequent form of the disease in that the body weight was still increasing and the general physical condition was still good in the 5th week of age. Growth had been retarded, however, and the size of the rabbit was only about half that of 2 normal litter mates, the respective body weights being 340, 640, and 690 gin. It will be noted in Fig. 14 that a considerable differentiation of bone structure had taken place with the production of quite well defined central cavities. The change is most marked in the radius and ulna and in the bones of the sternum and feet, but it is present in greater or less degree in the other bones. It is least marked in the femur and ilium.
The x-ray photograph of the anterior skeleton of a 27 day old case is shown in Fig. 17 and that of a normal litter mate in Fig. 18 . Photographs of these 2 rabbits at 16 and 24 days of age appear in the preceding paper (1, Figs. 5, 11, and 12) . The general condition of the osteopetrosis rabbit was still fairly good on the 27th day but 4 days previously a loss of body weight had been found and on the day the animal was killed, the total loss amounted to 28 gin. from the peak weight of 336 gm. attained on the 20th and 22nd days. The x-ray appearance of the bones (Fig. 17 ) is typical and is comparable to that of other older rabbits. The bones show the usual size reduction. A considerable degree of marrow cavity differentiation has taken place generally, particularly in the radius and ulna. The cortical shadows of the long bones are quite prominent and are somewhat wider than those of the normal litter mate (Fig. 18) . The expansion of the vertebral ends of the ribs, particularly of the 8th, 9th, and 10th ribs is well marked and there is not much contrast between the cortex and the central portions of the ribs generally.
The x-ray photograph of the posterior skeleton, the base of the skull, and the sternum of a 34 day old case is shown in Fig. 19 ; a similar x-ray of a normal litter mate of the same age appears in Fig. 20 . This case was an example of unexpected survival for some 10 days after the development of malnutrition and weakness. The signs increased quite rapidly and on the 30th day, diarrhea developed. On the 34th day, the rabbit was prostrated and practically moribund. The weight records are of interest. At birth the ,~eight was 52 gin.; on the 14th day, 200 gm.; on the 21st day, 250 gm.; on the 34th day, 230 gin. The normal litter mate weighed only 30 gm. at birth; on the 14th day, 220 gm.; on the 21st day, 360 gm.; and on the 34th day, 646 gm.
The most conspicuous feature of the x-ray of this 34 day old osteopetrosis rabbit is the marked stunting of the bones (Fig. 19) . The change is pronounced in the femur, tibia, and pelvis and only slightly less so in the case of the feet, the sternum, base of the skull, maxilla, and vertebrae. Both ends of the femur and tibia are expanded and the central portions of the shafts and especially of the femur, are constricted. The shadows of the vertebrae and of the pelvic and leg bones indicate that some differentiation of central marrow spaces has taken place. This process is more advanced in the sternum and the metatarsal and phalangeal bones. The base of the skull and the maxilla show deficiency of calcification.
Hematologic Observations
The principal hematologic characteristics of osteopetrosis of the rabbit are macrocytic anemia, thrombocytopenia, and moderate myeloid leucocytosis. These and other findings will now be described in terms of the mean group values at successive 3 day intervals from 1-3 to 37-39 days of age (Charts 1, 2). The details of repeated blood examinations of 2 cases are also presented as examples of the results in individual rabbits (Table I) .
The mean red blood cell counts for the first week or 10 days of life tended to be slightly higher than those of normal litter mates (Chart 1). Thereafter, the mean values gradually became lower while the corresponding normal values rose, at first rather slowly, but after the 3rd week, quite rapidly. By the end of the 5th week, the mean red cell count of the osteopetrosis rabbits was approximately 3 million per c.mm. as compared with 5 million per c.mm. for the normal litter mates.
The mean hemoglobin values of the rabbits with osteopetrosis were comparable, although at slightly higher levels, to those of the normal rabbits for the first 3 weeks of life (Chart 1). The curves representing both groups of rabbits describe parallel falls from the initial high value of approximately 11.85 gm. to the level of 8.13 gin. in the 19-21 day interval. Further declining values were a feature of the older osteopetrosis groups, in contrast to higher levels found in the older normal animals. In the 37-39 day interval, the values were 5.42 and 9.15 gin. for the osteopetrosis and the normal rabbits respectively. The resuIts for mean l~matocrit, determinations resembled those for mean hemoglobin values. The mean values of both groups for the 1-3 day interval were at approximately the 40 per cent level; increasingly lower readings followed for 3 weeks, but those of the osteopetrosis groups were at slightly higher levels than those of the normal groups. In the 22-24 day interval, the mean value for the osteopetrosis cases was 28 per cent as compared with 26 per cent for the normal rabbits. During the next 3 weeks, however, the values for the normal animals rose while those for the diseased rabbits continued to fall, the last mean values in the 37-39 day interval being 24 and 36 per cent for the groups of diseased and normal animals respectively.
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The values for mean corpuscular volume of the osteopetrosis cases exceeded those of normal litter mates after the 1-3 day interval (Chart 1). The curve representing mean normal values shows a gradual decline from the level of 110 cubic microns for the 1-3 day interval to 65 cubic microns for the 37-39 day interval. Declining values for the osteopetrosis groups also occurred but in a more irregular manner. Stabilization at the level of 100 cubic microns was observed in the 7-18 day period when normal values decreased from 95 to 74 cubic microns. For the diseased groups examined in the 3rd, 4th, and 5th weeks of age, the level ranged from 76 to 86 cubic microns as compared with 65 to 74 cubic microns for the normal groups.
The mean corpuscular hemoglobin content for the diseased and normal rabbit groups are represented by the curves in Chart 2. The form of both curves is similar and for the first 10 days they are practically identical. Both describe a sharp fall from an initial mean value during the 1st week of approximately 32 micromicrograms to 21 micromicrograms for the normal animals and 22 micromicrograms for the osteopetrosis rabbits in the 10--12 day interval. Subsequent results for both groups showed a slight trend toward lower levels. The values for the osteopetrosis groups, however, contin7ed to be slightly higher than those for the normal animals, the difference being 1 to 2 micromicrograms.
The mean corpuscular hemoglobin concentral{on for the 1st week of life was slightly higher for the osteopetrosis groups. In the 4-6 day interval, the mean values were 28.4 gm. for the osteopetrosis and 26.2 gin. for the normal group. The results in the 2nd and 3rd weeks of age showed lower mean values for the osteopetrosis group, the range being 25.4 to 28.0 gm. as compared with 26.2 to 29.3 gin. for the normal litter mates. For the groups in the 4th and $th weeks of age, the mean values for the osteopetrosis cases were higher than for the normal rabbits, the level ranging from 27.1 to 27.8 gin. for the diseased and 23.9 to 25.6 gin. for the normal groups. In the 37-39 day interval, the low value of 22.6 gin. was found for the single osteopetrosis case examined while the mean value of 25.4 gin. for the 4 normal litter mates showed no significant change from the level of the preceding 2 weeks.
The mean reti~uloeyte counts of the diseased rabbits exceeded those of the normal litter mates. In the 1st week, the mean count of both groups varied from 25 to 32 per cent. During the next 3 weeks, the counts fell quite abruptly to the level of $ to 6 per cent for the normal rabbits and 8 to 10 per cent for the diseased rabbits. In the 4th and 5th weeks of age, the counts for the normal groups were practically unchanged but higher values of from 11 to 14 per cent were observed in the osteopetrosis groups.
Normoblasts were constantly found in the circulating blood of the rabbits with osteopetrosis (Chart i). In the normal rabbits the curve of the mean relative numbers of normoblasts describes a steep fall from 0.75 per cent to 0.18 per cent in the 7-9 day interval; still smaller numbers were subsequently found up to 3 weeks of age, after which none was observed. The curve representing the osteopetrosis rabbits resembles that for the normal rabbits with two important differences. First, normoblasts continued to be present in all age groups. In those examined at from 2 to 6 weeks of age the mean relative number averaged 0.15 per cent. Second, the rate of decrease was less rapid and abrupt than that observed in the normal groups. An occasional megaloblast was also seen in osteopetrosis blood films whereas no cell of this class was ever observed ill normal blood.
Although the erythrocytes of the osteopetrosis cases generally appeared larger than those of the normal rabbits, there were cases in which extremely small red cells were seen scattered about among the larger ones. Poikilocytosis of degrees greater than is found in normal rabbit blood was also observed. The incidence of both anisocytosis and poikilocytosis was variable but they tended to occur more frequently and in more marked degree in older cases. 
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Age of rabbits-3-day intervals CHART 2. Mean values of the mean corpuscular hemoglobin content of the erythrocytes~ the platelets, total leucocytes, and the relative numbers of granular and non-granu]ax leucocytes for groups of osteopetrosis and normal litter mate rabbits.
sidering only very advanced grades, the results of a single examination of 54 cases aged S to 35 days showed anisocytosis in 26 cases, or 48.2 per cent, and poikilocytosis in 15 cases, or 27.8 per cent.
The appearance of the erythrocytes of the osteopetrosis rabbits, and particularly the older cases, included other abnormal features. In many cases there was a conspicuous pallor of the central portion of the cells. There was also a tendency toward a persistence of polychromato-philia and of basophilic stippling well beyond the age of 2 weeks at about which time these features are not commonly seen in normal red cells. They were observed in some cases which lived 4 and 5 weeks.
With the progression of the disease, the erythrocytes tended to show pseudopodia-]ike processes and crenation, changes not observed in the red cells of normal rabbits. In occasional cases 3 weeks of age.and older, the finding of burst or disintegrating red cells suggested increased fragility. A fragility test on 2 diseased and 3 normal litter mates 24 days old gave the following results: for both diseased rabbits beginning hemolysis occurred with 0.46 per cent NaCl and complete hemolysis with 0.36 per cent; for the 3 normal rabbits, beginning hemolysis with 0.40 per cent NaCl and complete hemolysis with 0.30 per cent in the case of 2 and with 0.28 per cent in the case of 1 normal rabbit respectively.
The mean platdet counts are illustrated by the curves in Chart 2. The general form of the curves for both classes of rabbits is similar but the general level of the osteopetrosis curve is consistently lower than the normal one. In the 1-3 day interval, the mean platelet count of the osteopetrosis group was 250,000 per c.mm. as compared with 300,000 per c.mm. for the corresponding normal group. With increasing age the mean normal values rose irregularly to 530,000 per c.mm. in the 37-39 day interval. The mean counts of the osteopetrosis cases aho increased irregularly to a level of 410,000 per c.mm.
The mean leucocyte counts of the diseased rabbits .were consistently larger than those of the normal aninmls (Chart 2). There was a gradual increase in the normal counts from 3250 cells per c.mm. in the 1-3 day interval to 4680 cells per c.mm. in the 37-39 day interval, a gain of 44 per cent. The corresponding mean values for the osteopetrosis cases were 3850 and 6750 cells per c.mm., an increase of 75 per cent. The sharply rising values were abruptly interrupted at the end of the 2nd week, and during the 3rd week much lower levels were observed. This was followed by a marked rise which was sustained with one minor downward fluctuation to the last examination. As is shown in the curves, the changes in direction of successive leucocytic levels for both classes of rabbits were similar but those of the osteopetrosis groups occurred slightly later and were much more pronounced than those of the normal groups.
The mean relative proportions of granular and no,granular leucocytes are shown in 4 curves (Chart 2). The curves for both classes of cells in the successive normal groups are somewhat irregular but there are no pronounced or sustained fluctuations. The relative numbers of non-granular leucocytes were consistently higher than those of the granular cells. In the osteopetrosis rabbits, the relative numbers of non-granular and granular leucocytes were approximately the same as normal values in the groups examined in the first 2 weeks of life but in the older groups, increasingly higher values for granular leucocytes and correspondingly lower values for non-grannlar cells were found. The rise in granular cells pursued a practically uninterrupted course with no reversal in trend. For the last 4 observation intervals, 28-39 days, the average level of granular leucocytes for the osteopetrosis groups was 58 per cent as compared with 44 per cent for the normal groups. An occasional older case failed to develop a granular leucocytosis.
The results of differential white cell counts of osteopetrosis rabbits showed no significant deviations from normal values in the proportions of eosinophiles, basophiles, and monocytes. Likewise, the relative numbers of small and large lymphocytes were essentially normal, the proportion of approximately 10 per cent of large ]ymphocytes being maintained.
Several interesting abnormal features in the leucocytes of osteopetrosis cases were observed in stained blood films. First, the majority of the neutrophiles were young cells, the predominant type of nucleus having 1 or 2 lobes. Second, myelocytes were seen in 75 per cent of the cases and an occasional myeloblast was found. Third, basophilic degenerative changes of the neutrophiles were seen in about 20 per cent of the cases. In most of them, approximately one-quarter or one-third of the neutrophiles were affected; in a few cases almost all the cells showed the change and in some cases only an occasional degenerated cell was seen. Both the nucleus and the cytoplasm, or the nucleus or the cytoplasm, were affected and there was about an equal representation of these three types. The basophilic granules in the nucleus were essentially the same color as those in the cytoplasm but they were definitely larger; on the average, there were 2 of these bodies but as many as 3 have been seen. In a few of the cases similar granules were found in the nucleus, but not in the cytoplasm of the lymphocytes. There was no apparent relation between the occurrence of this basophilic degeneration and the age or the condition of the animal. It has been observed in cases 4 days old and ff it was found in the first examination, it was always present in subsequent ones. No instance of basophilic toxic granulation was observed in the eosinophiles or the monocytes of the diseased rabbits nor in any of the blood cells of the normal rabbits.
Two other types of leucocytic degeneration were noted. In a few cases, approximately 2 per cent, toxic vacuoles were seen in the cytoplasm of some of the neutrophiles and lymphocytes. In a larger number of cases, upwards of 15 per cent, the presence of nuclei from ruptured leucocytes was conspicuous. In some films such nuclei comprised 4 or 5 per cent of the white ceils whereas in normal blood, only 1 or 2 in several hundred white eells were found.
In a small proportion of cases, approximately 5 per cent, there was a noticeable variation in the size of all the leucocytes, both granular and non-granular. Enlargement was observed somewhat more frequently than reduction and in some specimens, the increase in total area amounted to fully twice that of a normal cell. The degree of reduction in size was less marked. In both types of size variation, both the nuclei and the cytoplasm were affected.
The results of repeated hematologic examinations on 2 typical cases with their 2 normal litter mates will now be described.
It will be noted that the findings resemble in all essential respects the several mean group values just discussed.
The first pair of rabbits were examined on the 13th, 20th, 27th, and 39th days of age (Table  1) . On the 27th day the diseased animal continued to show a gain in body weight and was in fairly good condition but on the 39th day cachexia was well advanced and there was a marked loss of weight; death occurred on the 42rid day.
The erythrocyte counts of this case were much lower on the 20th, 27th, and 39th days than on the 13th; the final count of the normal animal was higher than the 3 previous ones. Normoblasts were present in all the blood films of the diseased rabbit and in the first film of the normal sib. There was a marked continuous drop in the hemoglobin and hematocrit estimations whereas these values for the normal rabbit were maintained or were increased. All four values for mean corpuscular volume of the osteopetrosis rabbit were larger than those of the normal litter mate and a similar difference was found for the mean corpuscular hemoglobin on the 13th, 20th, and 39th days. The results for mean corpuscular hemoglobin concentration were variable being lower for the osteopetrosis rabbit on the 13th and 27th days and higher on the 20th and 39th days. For both rabbits, the final platelet count was higher than the initial level at 13 days, but that of the osteopetrosis rabbit showed a much smaller relative increase.
The total leucocyte count of the normal rabbit showed a steady rise. The white count of the osteopetrosis rabbit was considerably higher than that of the normal rabbit at 13 days; at 20 and 27 days it had dropped well below its initial figure but at 39 days it had increased to a value much higher than either its initial value or the final count of the normal litter mate.
In the first differential white cell counts, both animals had a higher proportion of granular than of non-granular leucocytes. At 20 days, this ratio continued for the diseased rabbit but for the normal the non-granular cells predominated. At 27 days, non-grantflar cells predominated in both animals. At 39 days, the granular leucocytes again exceeded the nongranular in the diseased rabbit while in the normal animal both classes of cells were about equally represented. Leucocytic degeneration was observed in all the blood films of the osteopetrosls rabbit but in none of those of the normal litter mate. Ost., osteopetrosis rabbit; Nor., normal litter male; RBC, red blood cells (000 omitted); Hb, hemoglobin (Newcomer); Ht, hematocrit (Van Allen); MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; platelets (000 omitted) (Rees-Ecker); WBC, white blood cells; N, neutrophiles (pseudoeosinophiles); L, lymphocytes; B, basophiles; E, eosinophiles; M, monocytes; Norm., normoblasts; Leu. Deg., leucocytic degeneration.
The blood counts on the 2nd pair of rabbits (Table I) were made on the 9th, 19th, and 27th days of age. On the 19th day, the osteopetrosis rabbit was in good condition and gaining weight but on the 27th day, ma]nutrition and weakness were well marked and a loss of body weight had occurred. The rabbit was found dead on the 33rd day. The results of the blood examinations were generalJy similar to those of the other pair and need not be described in detail. The erythrocyte and hemoglobin levels of the osteopetrosis rabbit showed only minor falls and the decrease in hematoctit values was not as great as in the other case. The eventual leucocyte count, however, was considerably larger and the proportion of neutrophfle ceils much higher. Again, all the values for mean corpuscular volume were larger than the corresponding normal values, and those for mean corpuscular hemoglobin were slightly or moderately larger. The mean corpuscular hemoglobin concentration of the osteopetrosis rabbit was lower than that of the normal rabbit on the 9th and 19th days but higher on the 27th day. The presence of normoblasts and the incidence of leucocytic degeneration were similar to the findings in the other osteopetrosis rabbit.
Blood and Tissue Ckemical Determinations
A limited chemical study included the following determinations: calcium, inorganic phosphorus, and phosphatase of blood serum; sugar and cholesterol Serum Caldum.--The calcium content of the serum of rabbits with osteopetrosis was consistently lower than that of normal litter mates (Chart 3). For the normal rabbits the mean value in the I-3 day age group was 20 mg. per I00 cc.; by the end of the Ist week, and contlnuing thereafter, a level of 15.5 to 16.5 nag. was maintained, except for an unexplained rise to 18.5 rag. in the 22-24 day interval. For the osteopetrosis rabbits, the l~ghest mean calcium value observed, 17.2 rag. per 100 cc., likewise occurred in the first 3 days of life. Subsequent values showed a continuous although irregular decline toward much lower levels with perhaps some stabilization in the 5th week; the last mean value in the 34--36 day interval was 9.8 rag. per 100 cc.
Serum Phosplwrus.--The mean serum phosphorus values of the nornml rabbits ranged between 8.7 and 7.3 rag. per 100 cc.; the general level was higher in the first 3 weeks than in were consistently higher and in the 5th week, they exceeded those of the normal groups. The last mean phosphorus content for the diseased animals was 8.4 rag. as compared with 7.6 rag. per 100 ca. for the normal litter mates.
Calcium : Phosphorus Ratio.--The ratios of the normal groups show some variability but their general level is around the value of 2.0 (Chart 5). The curve representing the osteopetrosis groups describes a progressive decline from the high points of 3.0 and 3.2 for the youngest groups to values ranging from 0.8 to 1.9 for the groups in the 4th and 5th weeks of llfe. The level of the curve is higher than the curve of the normal rabbits up to the 16-18 day group, but for the older groups it is consistently lower.
Phosphotase.--The mean values for alkaline phosphatase of the normal rabbits ranged from 5.6 to 10.2 units per 100 cc. of serum (Chart 6). The results were irregular but somewhat lower values were found in the older than in the younger groups and in the 5th week, levels of 6.0 to 7.3 units obtained.
Much higher mean values for serum phosphatase were regularly found in the groups of osteopetrosis rabbits and particularly in the 2nd and 3rd weeks, when the level varied from 14.5 to 15.3 units per 100 cc. of serum. As was the case with the normal animals, the lowest values occurred in the older groups and for the 4th and 5th weeks, the mean values varied from 9.2 to 11.5 units.
Sugar.--The mean group values of the sugar content of whole blood in osteopetrosis rabbits were lower than those of the corresponding normal animals except for the 2 youngest groups in which no difference was found (Chart 7). From the 2rid to the 5th week of age the level for the normal animals ranged from 300 rag. to 200 rag. per 100 cc. of blood; in the 34-36 day interval, the mean value was 325 rag. per 100 cc. The corresponding mean values for the diseased rabbits followed a progressively declining trend to the level of 142 rag. per 100 cc. in the 34-36 day intervals.
Chol~teral.--The mean group values for blood cholesterol determinations of the normal rabbits were somewhat irregular but their general level was 225 rag. per 100 cc. of blood (Chart 8). The results for the groups of osteopetrosis cases were much more irregular but all mean values exceeded those of the normal groups. The general level approximated 325 rag. per 100 ee. of blood.
Liver Glycogen.--In the normal rabbits, higher mean values for liver glycogen were found in the older than in the younger groups (Chart 9). The values for the first 3 weeks ranged from 0.35 to 1.6 per cent and in the 4th and 5th weeks rose to a level of from 2.0 to 2.6 per cent. In the osteopetrosis groups, all mean values were smaller than those of the corresponding normal groups, and in contrast to the normal findings, the lowest values, 0.2 to 0.4 per cent, occurred in the 4th and 5th week age groups.
Musde Glycogen.--There was practically no difference in the mean values for muscle glycogen in the youngest groups of diseased and normal rabbits, 0.5 per cent in the 1-3 day interval, and 1.0 per cent in the 7-9 day interval. During the next 4 weeks, somewhat smaller values for both groups were found. From the 25-27 day interval to the 34-36 day interval, the normal values ranged from 0.75 to 0.5 per cent while those for the groups of osteopetrosis rabbits continued at the 0.25 per cent level.
DISCUSSION
The hereditary lethal disease of the rabbit described in this and other papers (1, 2) is characterized by a marked abnormality of the entire skeleton, well demonstrated in x-ray photographs.
At birth and for the first few days of life, all bone shadows are homogeneously opaque and lack all finer structural detail. In the 2nd and 3rd weeks of age, less dense areas in the central portions of the bone shadows are seen and with increasing age, these areas become larger and more translucent. The cortical portions, however, continue to be thickened and the complete differentiation of all marrow cavities has not been observed.
Other evidence of the profound disturbance of bone growth and development is shown by the reduced size of the bone shadows generally and the abnormal shape or outline of some of them. These features are most conspicuous in the long bones of the extremities, particularly the femur. X-ray photographs of cases taken within a few hours of birth indicate that bone growth is slightly subnormal or retarded and in older cases, the bones have a marked stunted appearance. Furthermore, the larger long bones frequently show a bulbous expansion of the growing ends and a greater or less constriction of the central portion of the shaft. A similar clubbing of rib ends is also seen.
There are considerable variations in the degree of differentation of the bone shadows in any particular case.
In general, the bones of the feet and the sternal and vertebral bones show the greatest amount and the bones of the foreleg more than those of the hindleg; the pelvic bones and the femur show the least. There is often an individual variation in the x-ray appearance of the same bone in different cases of the same or approximately the same age. The individual differences in the retardation of bone growth and in the degree of structural differentiation can in most cases be directly related to the general character and progress of the disease. Less pronounced growth retardation and a greater degree of bone differentiation were usually found in those cases in which the course of the disease was protracted and the marked signs of cachexia developed comparatively slowly. In these cases there was generally a stabilization of body weight, or only a comparatively minor weight loss, over a period of several days just preceding the final fatal outcome.
The close resemblance of the x-ray photographs of the skeleton in this hereditary disease of the rabbit to those of human osteopetrosis or AlbersSch6nberg disease strongly suggests an identical condition. In both, the entire skeleton is involved and in a similar manner, that is, the shadows show a homogeneous opacity involving all the cortical and medullary portions of the bone. In the human disease variations from the typical pattern have been reported in the benign type usually seen in adults (11) and also, and perhaps more frequently, in the so called malignant or severe form characteristic of early life (12) . These variations comprise areas of lessened density of certain bones or an individual bone appears less opaque than others.
Ellis (13) called attention to the marked similarity of the clinical and x-ray findings in two brothers aged 2 years, 10 months, and 1 year, 6 months. In both cases the main area of sclerosis occurred in the middle third of the shaft of the long bones and outside the area of clubbing. Ellis suggested that different family groups present variations of the condition which are, however, constant within a group.
In the disease of the rabbit, as has just been pointed out, variations in density regularly occur in older cases. In spite of disease progression to an invariably fatal termination generally within 5 weeks of ~ge, the central portions of the bones become much less opaque suggesting a greater or less degree of differentiation of marrow cavities. A similar change is not a typical feature of the x-ray photographs of human cases but it is possible that it is analogous to the transverse and longitudinal bands of greater and lesser density which are described as characteristic findings in the human disease (12, 14, 15) . Transverse bands running through the metaphysis of long bones parallel to the epiphyseal line are frequently seen; more rarely longitudinal lines are found in the diaphysis parallel to the periosteum. The presence of the bands has been explained on the basis of periodic remissions and recrudescences of the pathologic deposition of bone and by periodic recurrences of widespread resorption (16) . This difference in the x-ray appearance of the bones may be related to differences in the rate of growth and of disease progression in the two species.
Other skeletal changes in human osteopetrosis and especially the severe form, have their counterpart in the disease of the rabbit. Retarded growth in bone length and diameter is described while expansion and clubbing of the ends of the bones, particularly the femur, is a characteristic feature. On the other hand, spontaneous fractures which occur fairly frequently in human cases have not been observed in the rabbit. At postmortem examination the bones are described as more fragile or brittle than normal and this was also found in the rabbit (2) .
The complex of hereditary osteopetrosis of the rabbit further includes well marked hematologic abnormalities. An anemia, usually macrocytic in type, was generally observed and in the longer lived cases it was frequently severe. At about 3 weeks of age, signs of retarded development and malnutrition are well established (1) and with disease progression, lower red cell counts and lower hemoglobin and hematocrit readings were typical findings.
In the age period of 22 to 39 days, there were 36 counts on osteopetrosis cases and 55 on normal litter mates (Chart 1) and for the present general comparison, the results may be combined and expressed in terms of mean values. For the osteopetrosis and the normal groups the mean values were: erythrocytes 3,290,000 and 4,390,000 per c.mm. respectively; hemoglobin 7.28 and 8.13 gin. per 100 cc. respectively; and hematocrit readings of 26 and 32 per cent respectively. The mean body weight values were 235 gin. for the osteopetrosis and 519 gin. for the normal rabbits.
Other typical hematologic findings included increased values for mean corpuscular volume, slightly higher mean corpuscular hemoglobin content and mean corpuscular hemoglobin concentration as compared with the levels of normal litter mates. There were also increased reticulocyte counts, a con-tinued presence of normoblasts, and a persistence of polychromatophilia and basophilic stippling of the erythrocytes. The mean platelet counts were consistently lower than those of the normal litter mates.
A moderate leucocytosis was usually present and as a rule was most pronounced in advanced cases, 3 or 4 weeks of age and older.
The mean white counts of the most advanced cases examined in the 6th week of age were approximately 75 per cent larger than the mean values of the youngest cases examined in the 1-3 day age group. They also exceeded corresponding mean normal values. During the first 3 weeks of life, the relative proportions of granular and nongranular leucocytes in the osteopetrosis rabbits conformed to a normal distribution but thereafter the proportion of granular cells became increasingly higher and the lymphocyte values correspondingly lower.
Of special interest was the occurrence of immature polymorphonuclear leucocytes in practically every case together with a high case incidence of myelocytes. Additional evidence of marked hematologic disturbance included basophilic toxic degeneration of neutrophiles and lymphocytes in about one-fifth of the cases, including many very young cases. Vacuolization of neutrophiles and lymphocytes and ruptured leucocytes were also seen.
The similarity of these hematologic findings to those observed in many human cases of osteopetrosis is very striking. Most of the cases occur in children under 10 years of age and the majority have an anemia which is frequently described as a myelophthisic anemia and other hematologic abnormalities as well. Vaughan (17) states that while a few instances of hypochromic anemia are recorded, the usual picture is that of a leucoerythroblastic anemia; afew immature myeloid cells and all types of nucleated red cells are found in stained films. The relationship between the hemopoietic condition and the signs and symptoms and the progressive course of the disease has been emphasized by many authors.
Rosenthal and Erf (18) for example, point out that the characteristic symptoms of the severe form of osteopetrosis seen in infants and children include progressive development of a refractory type of anemia associated usually with thrombopenia or leucopenia and often with slight myelemia. Lamb and Jackson (19) attribute the gravest symptoms to the associated hemopoietic disturbances which are accompanied by severe anemia and leucemic states. Severe hemorrhages, which were not a feature of the rabbit disease, have been reported in human cases (20, 21).
In the so called benign form of osteopetrosis seen in adults the blood picture is usually essentially normal. In certain older cases, however, the diseasemay be more severe and hematologic disturbances have been reported, as in Mettier's (22) patient aged 50 years.
The chemical observations on rabbits with osteopetrosis revealed several interesting differences from normal values obtained from litter mates of the same age and in certain respects they are comparable to the scanty available data from human cases. The results expressed in terms of mean group values at 3 day intervals from 1 to 36 days of age showed first, that the serum calcium values of the diseased animals were consistently lower than those of the normal rabbits and second, that there was a progressive drop in these values which was particularly marked by the 4th week of age. After about 10 days of age the calcium levels of the normal groups were comparatively constant around 16 rag. per 100 cc. serum. The lowest values for the diseased groups in the 4th and 5th weeks were approximately half those of the corresponding normal groups.
The mean serum phosphorus values of the osteopetrosis rabbits were much smaller than those of the normal animals during the first 4 weeks of age but were somewhat higher in the 5th week. The levels of the normal groups ranged from 8 to 9 rag. per 100 cc. serum in the 1st month while in the 5th week, the slightly lower level of 7.5 rag. was well maintained. For the youngest osteopetrosis groups mean values of 5 to 6 rag. were found but beginning at about 2 weeks of age, the values became increasingly higher and in the 3th week~ a level of approximately 8.5 rag. per 100 cc. serum prevailed.
The mean calcium:phosphorus ratios for the groups of normal rabbits varied around 2.0. The ratios for the osteopetrosis groups showed an irregular but progressive decline from the high values of 3.0 and 3.2 for the youngest groups to levels of 0.8 for the groups aged 25 to 30 days. After 3 weeks of age, all the mean ratios were smaller than those of the normal groups.
In human osteopetrosis, the serum calcium and phosphorus have usually been reported as normal (23) or somewhat reduced (14) and values in the latter category appear to be characteristic of the severe form of the disease.
Robertson's (21) case, for example, at 10 months of age had 10.1 nag. calcium and 4.0 rag. phosphorus per 100 cc. serum; at 23 months the values were 9.9 and 2.9 nag. respectively. Other instances of lower range value in cases in infants and young children have been reported by Kramer and Halpert (24) , van Creveld and Heybroek (25), and Ellis (13) .
All the mean serum phosphatase values of the groups of rabbits with osteopetrosis exceeded those of the normal litter mates and the differences were especially marked in the younger animals up to about 3 weeks of age. In the 10-12 day interval, for example, the mean phosphatase values were 14.5 Bodansky units for the osteopetrosis and 8.2 units for the normal group per 100 cc. serum; in the groups in the 4th and 5th weeks of age, the general level was 10 units for the osteopetrosis and 7 units for the normal groups per 100 cc.
serum.
Only a few reports on cases of human osteopetrosis refer to determinations of serum phosphatase and although the results are variable there is a suggestion of increased values, particularly in young patients.
In Bodansky and Jaffe's (23) patient aged 16 years, values of 15.5 to 21.8 Bodansky units were found, that is, 2 to 3 times the average value of that found in a child and about 5 to 8 times that of an adult. An increased level of 23 Bodansky units was found in a fatal case aged 3½ months (24) . In certain other cases, the values tended to be high (13, 17, 20) but lower values have also been reported (13, 25) .
The mean sugar content of the blood in rabbits with osteopetrosis was much lower than in normal litter mates in all age groups examined except those in the 1st week of life in which no difference was found. From the few available determinations in human cases, the blood sugar appears to be in the lower range of normal values (18, 20, 26) .
In the case of blood cholesterol, the results for both classes of rabbits were irregular but all mean values for the groups of diseased rabbits were higher than those for the normal litter mates. The results in human cases suggest normal or increased blood cholesterol values (13, 20, 25, 26, 27) .
All mean values for liver glycogen in the osteopetrosis rabbits were smaller than those of the corresponding groups of normal litter mates and the difference was greatest in the older groups. In the case of muscle glycogen the results indicate that somewhat smaller values occur in osteopetrosis than in normal rabbits. No reports on liver and muscle glycogen determinations in human cases are available.
The hematologic and blood chemical changes found in rabbits with osteopetrosis emphasize the serious nature of the disease and their progressive character roughly parallels the retardation of growth and the deterioration in the general condition of the animal which regularly develop. The abnormal blood picture and to some extent the blood chemical findings, the homogeneous dense x-ray appearance of the entire skeleton present at birth, underdevelopment and retarded growth, the comparatively early lethal outcome, and an hereditary basis are typical features of this disease which also characterize the severe juvenile form of osteopetrosis of man. The similarity of the pathologic findings will be shown in a following paper (2) .
SUMMARY
The results of x-ray, hematologic, and chemical studies on cases of hereditary osteopetrosis of the rabbit are described and the resemblance of the findings to those of the severe juvenile form of human osteopetrosis is pointed out.
The outstanding feature of the x-ray examinations was the homogeneous dense appearance of the entire skeleton. This condition was present at birth. In older cases there was evidence of some differentiation of bone structure.
The hematologic studies showed that the disease was characterized by the development of a macrocytic anemia, thrombocytopenia, and a moderate myeloid leucocytosis. Other abnormal findings included high reticulocyte and normoblast counts, anisocytosis and poikllocytosis, and degenerative changes of the neutrophiles and lymphocytes.
The chemical studies showed very low serum calcium values; serum phosphorus values were low during the first 4 weeks of life but were somewhat higher than normal levels in older cases. The serum phosphatase values were elevated. The blood sugar content was generally low. The blood cholesterol values were generally high. The liver glycogen values were small especially in older cases and those for muscle glycogen were somewhat smaller than normal values. I wish to acknowledge the able technical assistance of Miss Margaret B. Dtmh~m.
BIBLIOGRAPHY HEREDITARY OSTEOPETROSIS O~ RABBIT. II EXPLANTATION OF PLATES
All the rabbits were killed with chloroform except the one providing Fig. 8 . In the x-ray photographs the dorsal surface of the body or of the dissected ske]eton was in contact with the film holder. In Figs. 3 to 7, 9, 13 to 16, and 19 and 20 certain parts of the skeleton, such as the cranial vault, the sternum, the base of the skull and the mandible are shown separated from the main specimen.
PLATE 36
FIGs. 1 and 2. X-my photographs of the skeleton of a case of osteopetrosis of a new-born rabbit and of a normal litter mate. Both were males and weighed 43 and 50 gin. respectively. The stage of bone development of the osteopetrosis rabbit ( Fig. 1) is slightly less advanced than that of the normal sib (Fig. 2) as is indicated particularly by the difference in the epiphyseal shadows. In the bones of the extremities there are practically no marrow cavities; in the vertebrae, ribs, and pelvis the marrow cavities are ill defined and small and are much less extensive than those in the normal litter mate. Calcification of the calvarium is deficient. The lower incisor teeth were erupted; the upper incisors and the upper and lower molars were not erupted. X 0.54.
Fi~s. 3 and 4. X-ray photographs of the skeleton of an osteopetrosis rabbit and of a normal litter mate aged 4 days. Both were males and weighed 90 and 140 gin. respectively. The general condition of the diseased rabbit was excellent but the growth rate was already.slower than that of the normal sib. At birth, the osteopetrosis rabbit weighed 55 and the normal 70 gin. respectively; in 4 days the weight of the abnormal animal had increased by 64 per cent as compared with 100 per cent for the normal. The shadows of the long bones, sternum, and pelvis of the rabbit with osteopetrosis (Fig. 3) ar~ of uniform density except for very small central areas of slightly lessened intense shadow. There is a suggestion of slightly more marrow space in the ribs, the bodies of the vertebrae, and probably in the bones of the base of the skull and in the scapula. The upper incisor teeth aud the right lower incisor were tiny barely palpable points while the left lower was a small twisted tooth tilted inward toward the midline. X 0.54.
PLATE 37
Fits. 5 and 6. X-ray photographs of the skeleton of an osteopetrosis rabbit and of a normal litter mate 9 days old. Both were females and weighed 154 and 200 gin. respectively. The diseased rabbit was in good condition and was gaining weight. As shown in Fig. 5 the bones of the extremities and pelvis are represented by dense, practically uniform shadows. In other bones, particularly the vertebrae, ribs, and sternum there are small central areas of less intense density. None of the incisor teeth was erupted and none can be seen in the x-ray photograph. The outline of only 2 small molar teeth in each mandible can be seen as compared with 3 in the normal animal; in the maxilla of both animals, 8 molars can be identified but those of the osteopetrosis rabbit are smaller. In general, the skeleton of this animal is smaller than that of the normal sib, but the difference is not as marked as usual. A photograph showing the toothless condition is depicted in the preceding paper (1, Fig. 3 ). X 0.54. FIC. 7. X-ray photograph of the skeleton of an osteopetrosis male rabbit 13 days old and weighing 132 gin. The nutritional state was good. Note that there is no indication of a marrow cavity in the pelvic and femoral bones and only a suggestion of it in the slightly less dense shadows of the central portions of the other long bones. In the ribs, sternum, and vertebrae, the marrow cavities are somewhat more distinctly indicated. The long bones and especially the femur and tibia show shortening. Calcification of the skull and mandible is subnormal. The left upper incisor was not erupted and only the point of the right was visible; the lower incisors were separated but were of normal length. The upper molars were small somewhat irregular teeth while the lower molars were just erupting. X 0.54. FIG. 8 . X-ray photograph of the skeleton of an osteopetrosis female rabbit 15 days old and weighing 95 gin. It was found drowned in the water trough; there was very little postmortem decomposition. The growth of this animal had been extremely limited. The birth weight of 45 gin. had only doubled in a fortnight, whereas that of normal animals of this stock increases three-or fourfold or even as much as six times in this perioJ (1, Charts 3 and 4). The pronounced shortening and peculiar shape of the femoral bones should be noted. Calcification of the vault of the skull was deficient, the postcrlor fontanelle was not closedl and hydrocephalus was present. The fracture of the right humerus was an autopsy accident and the bones generally were brittle. Only tiny points of the upper incisor teeth could be seen; the left lower incisor was missing and the right lower was a very thin slanting tooth. The molar teeth were subnormal. X 0.54. Fig. 9 and, below, a similar region of a norma] animal of the same age and belonging to the same stock. The expansion of the ventral ends of the ribs together with an intensification of shadow is frequently seen in the x-rays of osteopetrosis rabbits of this age. X 0.54. FIG. 11 . X-ray photographs of bones of an osteopetrosis female rabbit 15 days old and weighing 198 gm. The physical condition was good and the body weight was still increasing. The deficient calcification of the calvarium and of the 9th and 10th ribs and vertebrae are well shown. The 9th ribs and vertebra of a normal litter mate appear in Fig. 12 . In the central portion of the long bones the shadows are not uniformly dense but show irregular and spotty areas of lessened density. None of the incisor teeth could be seen or felt. The posterior calvarium was prominent but hydrocephalus was not found. The bones of another osteopetrosis sib and a normal rabbit of this litter and of the same age are shown in Fig.12 . X 0.54.
FrG. 12. X-ray photographs of the bones of an upper extremity of an osteopetrosis rabbit to the left and of a normal sib to the right, aged 15 days. Below are the 9th ribs and vertebra of the normal rabbit. These animals were litter mates of the rabbit of Fig. 11 . Both were males. The normal animal weighed 550 gm. The osteopetrosis animal weighed 276 gm., was in quite good condition and was still growing. It will be noted that the marrow cavities of the long bones were fairly well defined and more so than those of the other osteopetrosis sib (Fig. 11) . X 0.5/. PLATE 39 F~G. 13. X-ray photograph of the skeleton of an osteopetrosis male rabbit aged 21 days and weighing 150 gin. The dense shadows of the bones of the extremities and of the pelvic bones are particularly prominent and there are only faint indications of marrow spaces. The ventral ends of some of the ribs are beaded.
This rabbit was the smallest of a litter of 5 which included another case of osteopetrosis; the birth weight was 35 gin. as compared with 41 to 46 gm. for the others. Growth had been steady until the last 4 dab, s when there was only a slight increase of weight but the general condition was still fairly good. At 15 days of age, hydrocephalus was strongly suspected; the posterior fontanel]e had not completely closed. There was no evidence of hydrocephalus, however, at autopsy 6 days later. The upper incisors were tiny infantile teeth which had grown but little and the left lower was smaller than the right lower. X 0.54.
FIo. 14. X-ray photograph of bones of an osteopetrosis male rabbit aged 31 days and weighing 340 gm. This animal was an example of the relatively infrequent case which is still growing at this age and which has shown little or no cachexia. The comparatively slow process of the disease is reflected in the appearance of the bones. In the femur and pelvis the marrow cavity is still not well defined but the appearance of the other bones is less abnormal. The condition of the teeth, however, was characteristic. The right upper and the left lower incisor teeth were long, frail, and spindly while the ]eft upper and right lower incisors were only very tiny points. At birth, all the incisors were erupted but the uppers were shorter than normal. At 3 dab's, the left upper and the right lower were very small and evidently not growing. On the 10th day, the left upper had been shed, the right upper was a tiny structure, and the lowers were normal looking. During the next fortnight, a second left upper incisor erupted butgrew very little while the left lower developed into a long frail tooth. In the following week, the right upper became long and spindly. It is probable that the tiny right lower incisor noted on the 31st day when the animal was killed was a second tooth although the shedding of the first tooth was not observed. X 0.54.
FIGS. 15 and 16. X-ray photographs of bones of an osteopetrosis tarda rabbit and of a normal litter mate aged 24 days. Both were males. The normal animal (Fig. 16) weighed 324 gin. The osteopetrosis sib weighed 156 gin.; the cachectic condition was progressing quite rapidly, there was a loss of weight, and diarrhea had developed. The typical density of osteopetrosis bones is well shown. In the femur, tibia, and pelvic bones, there are only slight indications of marrow spaces anal the degree of shortening of the long bones is marked. At birth all the incisor teeth were normal but by the end of the 1st week, the uppers had grown only slightly. On the 10th day, the right lower was missing and the left lower was a spindly frail tooth. When the animal was killed, the upper incisors were somewhat short, especially the right, and both slanted toward the right side of the body. A second right lower incisor (to the observer's left) had erupted and was placed partly behind the larger left lower tooth. Hydrocephalus was thought to have developed at 10 days and to have persisted for at least a week by which time the posterior fontanelle had closed. The posterior calvarium was still prominent at 24 days of age but no evidence of hydrocephalus was found at autopsy. X 0.54.
PLATE 40
F~Gs. 17 and 18. X-ray photographs of the anterior skeleton of an osteopetrosis rabbit and a normal litter mate aged 27 days. Both were males and weighed 308 and 680 gin. respectively. The osteopetrosis animal was still well nourished but had been losing weight for the preceding 4 days. The comparatively small size of the bones generally and the shortened long bones are well shown. The general appearance and the extent of many marrow spaces approach normal but in others and especially in the humerus, there is still a considerable degree of spotty irregular clouding. The cortex of the humerus, radius, and ulna is thickened. The ribs appear to be somewhat wider than those of the normal litter mate and the vertebral ends are expanded. The rib shadows are not particularly dense; in general they are homogeneous and lack the cortical lines of more intense shadow seen in the normal animal. The incisor teeth were markedly abnormal. The right upper was only a tiny point and the left was missing; the lowers were widely separated and the left lower was smaller and shorter than the right. A photograph of the teeth on the 16th day is reproduced in the preceding paper (1, Fig. 5 ), together with photographs of both rabbits on the 16th and 24th days (1, Figs. 11  and 12 ). X 0.54.
FIGS. 19 and 20. X-ray photograph of bones of an osteopetrosis rabbit and a normal litter mate aged 34 days. Both were males and weighed 230 an d 646 gin. respectively. The osteopetrosis rabbit was almost moribund. At birth, the weight was 52 gm.; for about a fortnight, the general condition was excellent, active growth took place, and on the 14th day, the body weight was 200 gin. The comparable weights for the normal litter mate were 30 and 220 gin. respectively. During the 3rd week the condition of the osteopetrosis rabbit underwent a marked deterioration, a progressive malnutrition developed, and a retardation and then cessation of growth were observed. At the end of the 4th week, diarrhea developed. Within a day or two the weakness was obviously intensified and by the 34th day, the animal was prostrated.
The contrast in the x-ray photographs of these litter mate rabbits is very striking. In the rabbit with osteopetrosis (Fig. 19 ) the bones generally are very much smaller than those of the normal sib (FIg. 20) . The characteristic shortening and thickening of the long bones is particularly well brought out in the case of the femur and tibia. In both these bones the marrow cavities are still not well differentiated; in the pelvis~ vertebrae, and base of the skull, there is a similar although less pronounced condition. In the sternal, tarsal, metatarsal, and phalangeal bones the marrow spaces are better differentiated. In the x-ray film of the upper part of the skeleton not reproduced here the ribs resemble those shown in Fig. 17 with the additional feature of a considerable bulbous expansion of their anterior or ventral ends. The right upper incisor tooth was missing and the left upper was merely a tiny point. Both secondary incisors were also very small points. The lower incisors were separated, long teeth, the right longer than the left. The molar teeth were small and irregular. As shown in the x-ray photograph only the 2 posterior upper molars were developed to a degree approaching normal. X 0.54.
